The highest incidence of hepatocellular carcinoma (HCC) is in Asia, accounting for about 76% of all cases worldwide. In South East Asia, hepatitis B is the most common underlying cause. Although numerous associations between environmental factors (e.g. cigarette smoking, heavy alcohol drinking, male gender, older age), viral factors (e.g. viral load, active replication, genotype, core promoter mutations) and the development of HCC in chronic HBV infection have been identified, a clear understanding of the role of host genetics remains elusive. Bangladesh is a densely populated country with about 160 million populations, where HBsAg positivity in the healthy population is 5.4%. To evaluate the role of host IL28B (interleukin 28B; interferon lambda 3) single nucleotide polymorphism (SNP) in predicting hepatitis B virus (HBV)-related HCC susceptibility. Single SNP in the IL28B gene (rs12979860C/T) were examined in 116 subjects (including 44 HBVrelated HCC patients, 42 non-HCC patients with chronic hepatitis B and 30 healthy controls). The study was done at the Department of Hepatology, Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka from January 2012 to December 2013.The polymorphism of IL28B rs12979860 was analyzed by a genotyping technique, based on polymerase chain reaction (PCR) followed by restriction enzyme analysis at the Department of Microbiology & Immunology, BSMMU. The frequency of CC homozygosity was 70% in healthy controls and 45.5% in HCC, the difference being statistically significant (χ2=4.35, P=0.03). Statistically significant difference was also seen between non-HCC patients with chronic hepatitis B (CHB) (69%) and HCC (45.5%) (χ2=4.35, P=0.03). However, this significant finding was not seen between non-HCC patients with chronic hepatitis B (CHB) and healthy controls. Carriers of the minor T allele in rs12979860 had a higher risk of HCC compared with non-carriers (χ2=4.78, P=0.02). Our results suggest that, T allele and non-CC genotypes have strong predictive effect of developing HCC and IL28Brs 12979860 C/T polymorphism might influence susceptibility to HCC.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignant tumor and the third most common cause of cancer deaths worldwide [1] . The etiological agent of HCC is known in more than 90% of cases. In South East Asia, hepatitis B is the most common underlying cause. The highest incidence of HCC is in Asia, accounting for about 76% of all cases worldwide [2] .
HBV infection is a serious global health problem. About 378 million people throughout the world are chronically infected with this virus [3] . Approximately 15-40% of chronic hepatitis B (CHB) patients will develop cirrhosis, liver failure and HCC [4] . Bangladesh is within the intermediate zone of prevalence of HBV infection. HBsAg positivity in healthy population is 5.4% [5] .
With antiviral, immune modulatory and perhaps antitumor activities, standard or pegylated interferon-alpha (IFN-α) is the current therapeutic option of choice for patients with CHB. Strong evidence from prospective cohort studies suggest that IFN-α treatment, by suppressing HBV replication, decreases overall HCC incidence, with a more marked effect in sustained responders [6] . However, the putative beneficial effect of IFN treatment is difficult to prove due to the wide variability of individual outcomes in the natural course of these diseases, in which genetic factors are likely to play a role [7] .
As a therapeutic agent, IFN-λ might have longer and more potent effects than IFN-α. IFN-λ interacts with a trans-membrane receptor to induce potent antiviral responses that are mediated through the activation of the JAK-STAT and MAPK pathways [8] . In vitro and in vivo models have shown the importance of IFN-λ in the immune response to several viral pathogens, including hepatitis C virus (HCV) and HBV [9] . Several genome-wide association studies (GWAS) have identified a strong association between single nucleotide polymorphisms (SNPs) in and near IL28B, which encodes IFN-λ and response to therapy [10] and with spontaneous HCV clearance [11] . It is possible that similar effects occur in patients with chronic HBV infection, since IFN-λ inhibits HBV and HCV replication in an experimental model [12] .
Based on this hypothesis, we evaluated whether specific IL28B rs12979860 is associated with risk of developing HBVrelated HCC, because IL28B rs12979860 polymorphic alleles affect responses to IFN, and IFN therapy changes the prognosis of CHB.
Methods

Study Population
This is a hospital based case-control study of 116 subjects, including 44 HBV-related HCC patients, 42 non-HCC patients with CHB and 30 healthy controls. They attended the Out-patient and In-patient Departments of Department of Hepatology, Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka, Bangladesh from January 2012 to December 2013. Aims and objectives of the study along with its procedure, risks and benefits of this study was explained to the subjects and attendants in easily understandable local language (Bangla) and then informed written consent was taken from each participant. Prior to the commencement of the study, the research protocol was approved by the Institutional Review Board of BSMMU.
Patients were divided into three groups. Group A (HBVrelated HCC patients), Group B (non-HCC patients with CHB) and Group C (healthy controls). The inclusion criteria were (1) in group A, HCC patients were recruited prospectively. The diagnosis of HCC was confirmed by α-fetoprotein elevation (> 400 ng/ml) combined with computed tomography (CT) and/or magnetic resonance imaging (MRI) and cytology; (2) for group A and B, HBsAg (hepatitis B virus surface antigen) positivity, antiHBc total (hepatitis B virus core antibody total) positivity and HBeAg (hepatitis B virus e antigen) or HBeAb (hepatitis B virus e antibody) positivity for >6 months; and (3) for Group C, HBsAg negativity. Exclusion criteria were, alcohol abuse (>20g/day), infection with HCV (anti-HCV positivity), autoimmune hepatitis, Wilson`s disease, haemochromatosis and age < 18 years.
DNA extraction and genotyping
IL28B rs12979860 genotyping was done at the Department of Microbiology and Immunology, BSMMU. A single sample of approximately 3-4 ml of venous blood was collected from each participant into EDTA-containing blood tubes. Genomic DNA was extracted from a leukocyte pellet using 20% chelex solution followed by heatdenaturation of cell debris. The SNP in IL28B rs12979860C/T, selected for the present study are recorded in the public dbSNP database. Approximate 30ng extracted DNA was amplified with allele specific primer using ABI 2720 system (Applied Biosystems, Foster City, CA). Primers for PCR-RFLP of rs12979860 polymorphism were designed using Primer-Blast, considering the homology in the region IL28B gene. PCR was performed using Master buffer® PCR (Texas Biogeneinc, USA) with a 20 µl reaction tube type. Briefly, 10-30 ng of genomic DNA was amplified with 10 pmol of rs12-F and rs12-R primers for the genomic region containing rs12979860. The PCR temperature profile comprised 94°C for 5 min; 35 cycles of 94°C for 20 sec, 66°C for 20 sec, 72°C for 20 sec and 72°C for 5 min, according to the manufacturer's instructions. For RFLP analysis, the PCR product of rs12979860 was digested with 10 units of Bsh1236I (BstUI) restriction endonuclease (Fermentas, Vilnius, Lithuania) for one hour. The digestion products were separated on a 3% agarose gel alongside the Gene aid TM 100 bp DNA Ladder. In each PCR-RFLP genotyping run, as a control for the enzymatic activity of Bsh1236I rs12979860 CC DNA was included. Genotyping was performed without knowing the subject's case or control status and more than 10% of samples were randomly selected for repeat analysis.
Procedure for fine needle aspiration (FNA) from liver space occupying lesions SOL(s)
After taking informed written consent, patients laid with empty bladder. The site was painted with iodine solution and draped. Skin and deeper tissue was infiltrated with local anesthesia (2% xylocaine) at the proposed puncture site using a 23 G needle. Under real-time USG guidance and using 22 G disposable spinal needles the cavity was entered and aspirated material was collected. The prepared glass slides ware fixed with 95% ethanol and kept in Kaplan's jar after labeling. Samples were sent for cytopathological examination to the Department of Pathology, BSMMU. Dressings were applied at the needle puncture sites and patients were followed up for next 6 hours.
Statistical Analysis
All data was recorded systematically in a preformed data collection sheet and quantitative data expressed as mean ± SD. Qualitative data analyzed by chi square test and quantitative data by student's T test or Mann Whitney's U test. Differences in laboratory parameters compared using one-way ANOVA. The genotype distribution of rs12979860 were in Hardy-Weinberg equilibrium and analyzed by the chi square test. P value of ≤ 0.05 was considered to be statistically significant. All statistical computations were performed by using SPSS version 20 (Statistical Package for Social Science). Table 1 includes the demographic and laboratory parameters for cases within different disease groups and healthy controls, including gender, age, serum albumin, serum bilirubin, alanineaminotransferase, α-fetoprotein, haemoglobin, prothombin time, platelet count and IL 28B genotype. HBVrelated HCC patients were older than patients in the other two groups and had a higher proportion of males. The HBVrelated HCC group and the other two groups without HCC (healthy controls, non-HCC patients with CHB) had significantly different laboratory results for serum albumin, serum bilirubin, α-fetoprotein and prothombin time (p < 0.05).
Results
Demographic and laboratory characteristics
Genotype distribution
Genotype distribution analysis showed that the studied SNPs 
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Copyright: © 2016 Al-Mahtab et al. Table 2 shows comparison of allele frequencies and genotype distributions of SNPs among HCC, non-HCC patients with CHB and healthy controls. There were significant differences among HBV-related HCC, non-HCC patients with CHB and healthy controls groups (χ2=9.547, p=0.04). Notably, the frequency of CC homozygosity was 70% in healthy controls and 45.5% in HCC, the difference being significant (χ2=4.35, p=0.037). And then, the frequency of CC was 45.5% in HCC and 69% in non-HCC patients with CHB, the difference being significant (χ2=4.35, p=0.037). However, this significant finding was not seen between non-HCC patients with CHB and healthy controls (χ2=0.007, p=0.931). In the analyses by genotypes, TT homozygous and CT heterozygous patients both had a higher risk of developing HBV-related HCC compared to patients carrying the common genotype (CC). Minor T allele carriers had a higher risk of CHB and HCC than healthy controls (χ2=12.6, p=0.002) and the T allele was therefore defined as the risk allele.
Associations of IL28B polymorphism and development of hepatitis B-related hepatocellular carcinoma
Discussion
This case control study was carried out at the Department of Hepatology. We analyzed the genetic variation IL28B rs12979860 in HBV related HCC patients, non-HCC with CHB patients and healthy control. We investigated 116 patients without history of significant alcohol intake (> 20gm/day), co-infection with HCV, or age < 18 year. 86 CHB patients with serum HBsAg positivity and 30 healthy individuals having serum HBsAg negativity were enrolled as controls.
The significance of SNPs in cancer is a recent finding. There are substantial publications in the literature concerning genetic variation with various types of malignancy in humans, for example EGF gene and malignant melanoma [13] , EGF gene and glioblastoma multiform patients [14] with acute myeloid leukemia [15] , CYP1A1 T3801C polymorphism and cervical neoplasia risk [16] , MDM2 T309G and prostate cancer [17] .
HBV infection accounts for most primary HCC, and treating HBV infection substantially reduces the risk of HCC development, as the viral load is found to be the most important factor leading to cirrhosis and cancer development in the liver [18, 19] . Although chronic HBV infection is recognized as the most important causal factor for HCC in humans, some HCC cases are without chronic HBV infection, suggesting the presence of important co-factors in HBV-related HCC.
Different approaches have been used to identify genetic susceptibility factors for the natural course and treatment response in HCV and HBV. Recently, allelic variants in the IL28B gene have gained major interest as panel of SNPs were identified to be strongly associated with treatment-induced and spontaneous clearance of HCV. The associated region (19q13) encodes 3 cytokine genes (IL28A, IL28B and IL29) that belongs to the IFN-λ (also named type III IFN) family. IFN λs interact with a trans-membrane receptor to induce potent antiviral responses [20] [21] [22] . This antiviral activity is mediated through the activation of the JAK-STAT (IFN-αs, IFN-γs and IFN-λs) and MAPK (IFN-αs and IFN-λs) pathways. In vitro and in vivo models have shown the importance of IFN-λs in the immune response and in the up-regulation of transcription of IFN-stimulated genes (ISGs) that are required to control viral infection, including herpes simplex virus [23] , HIV [24] , HBV [12] and HCV [26] . IFN-λ seems to inhibit HBV and HCV replication in experimental model [26] . Therefore, in studies aimed at assessing the role of IL28B rs12979860C/T polymorphism in patients with chronic HCV infection, similar effects could also be expected in patients with chronic HBV infection.
We observed a trend for a relationship between rs12979860in HBV-related HCC susceptibility. Furthermore, the frequency of the TC+TT genotype was significantly increased in HBV-related HCC patients compared to healthy individuals and CHB patients, while both C allele and CC genotype frequencies of healthy controls were protective, which indicates that the rs12979860 T/C polymorphism is associated with the carcinogenic process of HBV-related HCC. However, a significant difference was only identified in subjects between HBV-related HCC and non-HCC individuals (including CHB and healthy controls). This may be due to the small sample size of non-HCC patients with CHB. The protective effect of the C allele in our study is consistent with the results the study by another group [26] , which identified a SNP (C/T; rs12979860) 3 kb upstream of IL28B that was associated with a favorable treatment response in patients with HCV genotype 1 infection. C allele at rs12979860 was already known to enhance the inhibitory effect on JAK-STAT and on ISGs activation of IFN-λ, the T/C variant was hypothesized to decrease the HBV clearance capability of the immune response and to upregulate transcription of antiviral proteins.
It has been pointed out in a study that the IL28B rs12979860 C/T polymorphism might affect susceptibility to CHB and progression of HCC [27] . Of note, the T allele and non-CC genotypes have strong predictive effect of increasing susceptibility of CHB and HCC. They examined in 330 subjects (including 154 HBV-related HCC patients, 86 non-HCC patients with CHB, 43 HBV self-limited infections and 47 healthy controls) and significant difference was seen between healthy controls and CHB (HBV-related HCC patients, non-HCC patients with CHB) (p=0.01), but not between HBV self-limited and healthy controls. Carriers of the minor T allele in rs12979860 had a higher risk of HCC compared with non-carriers (p=0.04). Nevertheless, our study, which attempted to link these genetic components to HCC susceptibility, was limited due to its cohort-specific nature. GWAS have been utilized to perform large-scale interrogation of genetic variants in cancer.
Conclusion
We report that rs12979860 in the IL28B gene might be a risk factor for developing HBV-related HCC. Screening of these polymorphisms and functional studies would be useful to clinical practice for identifying groups at high risk of HCC and might help to modify the design of HCC surveillance for patients with chronic HBV infection.
